PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
B24D 3/00, 3/34, 11/02 



Al 



(11) Internationa) Publication Number: WO 97/36713 

(43) International Publication Date: 9 October 1997 (09.10.97) 



(21) Internationa] Application Number: PCT/US97/04799 

(22) International Filing Date: 25 March 1997 (25.03.97) 



(30) Priority Data: 

08/626,652 



2 April 1996 (02.04.96) 



US 



(71) Applicant: NORTON COMPANY [US/US]; One New Bond 

Street, Box Number 15138, Worchester, MA 01615-0138 

(US). 

(72) Inventors: GAETA, Anthony, C; 3789 Ridge Road, Lockport 
NY 14094 (US)! SWEI. Gwo, Shin; 8430 Avnonside Court! 
East Amherst, NY 14051 (US). BUTRYN, Edmund, R; 35 
Ermly Street, Grimsby, Ontario L3M 3Z8 (CA). 

(74) Agents: DAVIS, Anthony, G., M.; Davis and Bujold, 4th floor, 
500 North Commercial Street, Manchester, NH 03101 (US) 
et al. 



(81) Designated States: AU, BR, CA, CN, JP, KR, MX. RU 
European patent (AT, BE, CH, DE. DK, ES, FI, FR, GB 
GR, IE, IT, LU, MC. NL, PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: RADIATION CURABLE FORMULATIONS 




(57) Abstract 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


fitly 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


dote d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







15 



WO 97/36713 PCT/US97/D4799 



RADIATION CURABLE FORMULATIONS 
Backgroun d to the Invention 

The present invention relates to the production of 
5 coated abrasives and particularly to the production of 
such materials using a formulation comprising a UV- 
curable binder system. 

The use of UV-radiation curable formulations in the 
Preparation of coated abrasives has been taught for many 
10 years. One of the earliest examples of this form of 

binder is described in USP 4,773,920 which taught the use 
of bxnder grain mixtures curable by radiation-induced 
free radical polymerization. In USP 5,014,468 the 
problems of UV radiation-induced polymerization 
polymerization are reviewed in the context of coated 
abrasives. It is pointed out that, in view of the 
limited penetration of the UV light into a formulation 
that comprises pigment and/or relatively coarse abrasive 
particles, UV radiation is somewhat limited in its 
utility to relatively thin layers. 

The problems limiting the applicability of UV- 
radiation cured polymers, in coated abrasives are 
experienced at their most intense in finishing 
formulations. These are formulations added to fabric 
materials to prepare them to receive maker coats in the 
preparation of coated abrasives. Typically they comprise 
Polymers and fillers intended to saturate the backing and 
provide a surface to which the maker coat will bond 
tightly; Hence binders with a very significant amount of 
filler are typically used. The filler is a necessary 
component to reduce the cost, block the passages within 
the fabric to reduce its porosity and to modify the 
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physical properties of the backing. In particular, the 
addition of filler improves the modulus of the cured 
formulation and at the same time reduces the amount of 
the (usually expensive) polymer- forming components that 
5 comprise the binder. 

The presence of heavy filler loadings is very 
unfavorable to the use of UV-radiation curable binders. 
UV radiation cannot penetrate far enough because of the 
shadowing effect of the filler particles. 
10 Similar problems arise when a maker or size coat 

comprising filler particles is used. 

The advantages of UV cure in terms of speed of cure 
and versatility of formulation properties are well-known. 
It would therefore be a distinct advantage if this 
15 shadowing effect of filler particles could be eliminated. 

The present invention provides a way to secure the 
beneficial results of adding filler without impeding the 
rate of cure of a UV-curable binder significantly. 

20 General Description of the Invention 

The present invention provides a coating composition 
comprising a UV-polymerizable formulation and from 5 to 
50% by volume filler that is substantially transparent to 
UV light. 

25 The UV light that is used to initiate polymerization 

has a wavelength of from about 250 to about 400nm. A 
filler is considered for the purposes of this 
Specification to be transparent to this light if, when a 
formulation containing a UV-polymerizable component and 

30 25% by volume of the filler is exposed to UV light the 
depth of cure obtained is greater than 50%, and more 
preferably more than 75% of the depth attained when the 
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formulation without the filler receives the same amount 
of radiation. 

The depth of cure is measured by depositing the 
formulation on a belt surface passing under a UV source 
at a predetermined rate such the formulation receives the 
same amount of exposure. The result is the formation of 
a thin crust on the surface of the formulation. The 
thickness of this crust is an excellent measure of the 
relative depth of penetration of the UV radiation with 
various loading levels and types of filler. 

The most frequently used fillers are calcium 
carbonate and silica and these are found to have a quite 
low transparency to UV light. Consequently the use of 
these fillers severely restricts the thickness of layers 
15 that can be cured. The present invention follows from 

the discovery that certain known filler materials have an 
unexpected superiority to the others when used with UV- 
curable formulations. Not only do they perform very well 
in improving the modulus of the cured formulation, but 
surprisingly, because they are UV- transparent, they 
permit the cure of much greater thicknesses than is 
possible if alternative fillers are used. 
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Detailed Descrip tion of the Invention 

The UV-curable component of the formulations of the 
invention include any of those taught in the art as being 
useful for the production of coated abrasives including 
acrylated epoxy resins, urethane acrylates, acrylated 
epoxy-novolacs, unsaturated polyesters, polyvinyl ethers 
30 and the like. The preferred binders of the invention 
comprise acrylated epoxy resins and urethane acrylates. 
The preferred UV-transparent fillers for use in the 
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invention include the hydrated oxides of alumina such as 
aluminum trihydrate and boehmite with the former being 
the more preferred. 

The particle size of the UV- transparent filler is 
preferably from about 1 to about 60u, and more preferably 
from about 1 to about 20u and more preferably still from 
about 1 to lOu. The most preferred hydrated alumina for 
use in the present process is aluminum trihydrate with a 
weight average particle size of from about 1 to about 7u. 

The volume of filler that may be present in the 
compositions of the invention can be from about 5 to 
about 50% by volume and more preferably is from about 25 
to about 50% by volume. Modulus improves up to the 
maximum packing fraction for the particular filler. This 
is generally dependent on the particle size and shape. 
Because the UV-polymerizable component has the primary 
function of providing a bonding layer, it is possible to 
approach the maximum packing fraction without 
significantly impairing the important physical 
20 characteristics of the cured formulation. Hence amounts 
of filler in the upper reaches of the above range are 
often preferred, for example from about 30 to 40 volume 
percent. 

25 DRAWINGS 

Figure 1 is a chart showing the depth of cure obtained 
using various fillers in various proportions when 
incorporated into a UV-curable formulation. 
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Figures 2 and 3 show, respectively, the same depth of 
cure charts with 100 and 150 feet/minute (30.8 and 4 6.2 
meters/minute respectively) rates of passage beneath the 
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UV source. The legend on the chart appearing as Figure 1 
applies also to Figures 2 and 3. 

Figure 4 shows the increase in Knoop hardness of various 
5 formulations comprising increasing amounts of filler in 
the same binder. Again the legend from Figure 1 applies 
to this chart also. 

Figure 5 shows the depth of cure plotted against the 
10 volume percentage of ATH in a commercial epoxyacrylate 
oligomer/monomer blend, at various line speeds. 

Description of 1-h* Preferred Embodiments 

The invention is now described with reference to the 
15 data presented in the Drawings. These data are intended 
as illustrations of the invention and are not tobe taken 
a implying any limitations on the necessary scope of the 
invention. 

Figures 1 to 3 show clearly that, with conventional 
•0 fillers such as calcium carbonate or silica, the depth of 
cure continues to decline with increasing amounts of 
filler. However with alumina hydrates, after an initial 
decline, the cure depth actually begins to increase with 
increasing concentration of filler. In these experiments 
the binder comprised an epoxy-acrylate (70%) /N-vinyl 
pyrrolidone{30%) mixture. 

The formulations were passed beneath a UV source at 
a linear speed of 50 feet/minute, (15.4 meters/min) . The 
boehmite experiment operated at a slower speed which 
3 accounts for the greater initial cure depth, (at zero 
concentration) . 

Figure 4 shows that the various fillers produce very 
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similar levels of improvement in the hardness of the 
formulation when cured. 

Figure 5 As might be anticipated, this drawing 
shows that the depth of cure decreases with increasing 
5 line speed which translates to shorter exposure time to 
the UV radiation. However, unexpectedly, the effect of 
the presence of the filler is markedly less when higher 
line speeds are used. It is also somewhat surprising 
that, at all speeds, volume proportions of filler above 

10 about 30% actually increase the depth of cure. 

In Figures 1-4 the characteristics of five different 
formulations are described. These differ only in the 
nature of the filler and the different fillers are 
identified as follows: 

15 ATH S23. . .aluminum trihydrate with a weight average 
particle size of 7.5pi. 

ATH S3 ... aluminum trihydrate with a weight average 
particle size of l|i available from Alcoa Industrial 
Chemicals . 

20 MinSil 5... an amorphous fused silica with a weight 

average particle size of l\x, available from Minco Inc. 
Camel Carb...a calcium carbonate with a weight average 

particle size of l.S\x f available from Global Stone PenRoc 
Inc. 

25 Boehmite. ♦ .an alpha alumina monohydrate available from 
Condea under the trade name Disperal. 

50%ATH-S23 + 50% MinSil 5... As the name implies this is a 
mixture of equal volumes of the indicated components. 

As indicated above, the products evaluated in Figure 
30 5 used the preferred aluminum trihydrate with a different 
binder from that used in the other formulations 
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evaluated. 

Consideration of the data in Tables 1 to 3 clearly 
shows that the depth to which the UV radiation is able to 
penetrate (and thus lead to cure) is significantly 
greater with the hydrated aluminas than with the more 
conventional fillers. Since this improvement can be 
obtained with no significant sacrifice in the physical 
properties of the resulting cured material, (from Figure 
4), it is clear that the use of UV- transparent fillers 
such as aluminum trihydrate is a very desirable 
expedient. 
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WHAT IS CLAIMED IS: 

1. A coating composition comprising a UV-polymerizable 
formulation and from 5 to 50% by volume of a filler that 
is substantially transparent to UV light, 

2. A coating composition according to Claim 1 in which 
the filler is selected from hydrated oxides of alumina . 

3. A coating composition according to Claim 2 in which 
the filler is aluminum trihydrate. 

4. A coating composition according to Claim 1 in which 
the amount of the filler is from 25 to 50% by volume of 
the composition. 

5. A coating composition according to Claim 1 in which 
the amount of the filler is from 30 to 40% by volume of 
the composition. 

6. A coating composition according to Claim 1 in which 
the UV-polymerizable formulation comprises an 
epoxyacrylate. 

7. A coated abrasive comprising a layer formed from a 
coating composition according to Claim 1. 
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